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F atty liver is common in children with an estimated prevalence of 9.6%, 1 and is characterized histologically by hepatic steatosis, the accumulation of triglycerides within the cytoplasm of hepatocytes. Because of the high prevalence of obesity, there are many children at risk for fatty liver in the form of nonalcoholic fatty liver disease (NAFLD). NAFLD, which encompasses a broad spectrum of liver disease severity, including steatosis, steatohepatitis with or without fibrosis, and cirrhosis, is only one of many conditions in which hepatic steatosis is an important histologic component. Hepatic steatosis also can occur in drug toxicity, metabolic disease, viral hepatitis, cystic fibrosis, protein malnutrition, and Wilson disease. Furthermore, fatty liver is regarded as a cardiometabolic risk factor that can contribute to conditions such as diabetes mellitus and heart disease. The multitude of clinical conditions associated with hepatic steatosis as well as their prevalence and severity create a need to assess liver fat in children.
Histology is considered the most sensitive means of obtaining pertinent, comprehensive information from the liver and surpasses imaging and other laboratory data for several reasons. Liver histology is capable of identifying steatohepatitis and staging liver fibrosis, which have important prognostic implications. Moreover, histology provides complex and integrated information at a cellular level, and therefore can refine a diagnosis when other studies are nonspecific or suggest multiple possible diagnoses. In addition, well-preserved histologic samples serve as an accessible tissue bank for future investigations. However, the liver biopsy procedure is invasive and requires sedation with potential risks including discomfort, bleeding, and infection.
Given the risks of liver biopsy in children, an alternate means for obtaining diagnostic information and for longitudinal surveillance of liver fat is desirable, and creates a niche for imaging liver fat in children. Diagnostic information about liver abnormalities-including hepatic steatosis-can be obtained from imaging modalities in a noninvasive manner and without the need for sedation in many children. This is particularly relevant for children with fatty liver, in whom disease monitoring is necessary for months, years, or even decades. Although there are many potential advantages, the diagnostic utility of imaging for assessment of liver fat in children has not been evaluated systematically. Although studies in adults have suggested that imaging may be an accurate means of assessing hepatic steatosis, [2] [3] [4] [5] [6] [7] [8] children differ from adults in several key aspects including body habitus, breathholding capacity, and their ability to tolerate imaging examinations. These factors affect the feasibility, quality, and technical optimization of imaging examinations and may affect their diagnostic performance. Hence, validation in adults does not suffice to establish validity in children. Independent validation of imaging modalities to assess liver fat in children is necessary.
To validate an imaging modality as a measure of hepatic steatosis, studies are required in which children are assessed by both the test modality and a comparison modality that correctly classifies each subject. When assessing the ability of a test modality to make a quantitative or semiquantitative measurement of hepatic steatosis, the study population must use a comparator modality that is sufficiently quantitative and must include a sufficient representation of children across the spectrum of hepatic steatosis, including those without hepatic steatosis.
Our aim was to perform a systematic review of the literature, detailing studies that have evaluated imaging liver fat in children using ultrasound, computed tomography (CT), magnetic resonance imaging (MRI), or magnetic resonance spectroscopy (MRS) compared with a sufficiently quantitative comparator. The preferred reference was liver histology. Because of the limited numbers of studies with histology, we also included studies that used the quantitative methods of MRI or MRS as the reference. Studies using histology as the reference were considered to be of higher quality for the purposes of establishing recommendations, than studies using MRI or MRS as the reference. Our goals were as follows: (1) to critically review and synthesize the collective literature, (2) to make recommendations regarding the clinical use of imaging to assess liver fat in children, and (3) to identify potential gaps that may be addressed by future research studies.
Methods
We followed published guidelines for the conduct and reporting of systematic reviews. 9 We performed a structured keyword search in PubMed to identify original research reports published in print or online in English in peer-reviewed journals between January 1, 1982, and December 31, 2012 , that evaluated the performance of imaging modalities to assess hepatic steatosis compared with a quantitative or semiquantitative reference standard. The search term "imaging liver fat" and a review of reference sections of all relevant articles resulted in 1271 studies. The search then was filtered by age for studies in children (birth to 18 y), resulting in 182 remaining studies. Eligible studies had to assess an imaging modality using a comparator that was sufficiently quantitative. A total of 173 studies were excluded based on various criteria (Figure 1 ). Nine studies remained for systematic review (Table 1) . Three independent physicians extracted data from each study to minimize errors and reduce potential biases. Consensus of analyzed data was achieved through a structured review of each article in multiple group meetings. All authors then reviewed and revised the material presented. Figure 1 . Application of the inclusion and exclusion criteria used for the structured review. Based on the evidence, recommendations were made in the assessment of fatty liver as a dichotomous outcome (screening, diagnosis, exclusion) and as a continuous measure (grading, monitoring change). We used the classification of the Grading of Recommendation Assessment, Development, and Evaluation (GRADE) workgroup. 10 The GRADE system, developed by a widely representative group of international guideline developers, allows for clear separation between the quality of evidence and the strength of recommendations. The strength of recommendations in the GRADE system is classified as strong (Grade 1) or weak (Grade 2). The quality of evidence supporting strong or weak recommendations is designated by 1 of 3 levels: high-quality (A), moderate-quality (B) or low-quality (C). The designation of quality is based on the likelihood that further research will change the confidence of the estimate with A (unlikely to change the confidence in the estimate of the effect), B (likely to have an important impact), and C (very likely to impact or change the estimate).
Technical Discussion
To interpret the results, a brief technical discussion is provided.
Ultrasound
Ultrasound is widely used for the evaluation of hepatic steatosis [11] [12] [13] and is based on high-frequency sound wave propagation. The ultrasonic appearance of normal liver is similar to other solid organs. Ordinarily, intrahepatic structures such as hepatic veins can be delineated by ultrasonic waves. In hepatic steatosis, the presence of lipid droplets within hepatocytes disturbs the propagation of the sound wave, causing scatter and attenuation. As waves scatter, more echoes return to the ultrasound transducer. This increase in signal (echogenicity) from liver is processed to yield a liver that is brighter in qualitative comparison with the kidney. Attenuation of the ultrasound waves causes depth-dependent loss of signal, causing obscuration of vessels, bile ducts, and blurring of the diaphragm. Collectively, the changes caused by scattering and attenuation are used to infer hepatic steatosis, but available ultrasound-based techniques do not permit a direct quantifiable measurement of liver fat. 14 
Magnetic Resonance Imaging
Chemical-shift MRI exploits differences in resonance frequencies of water and lipids to differentiate tissues containing only water from those containing both water and lipids. Chemical shift occurs because nuclei in different chemical environments experience slightly different magnetic field strengths. The variation in magnetic field strength results from the intrinsic shielding of surrounding electrons, which partially counteract the force of the main magnetic field. Hydrogen nuclei in water compared with hydrogen nuclei in lipids have fewer surrounding electrons. Hydrogen nuclei in water, therefore, experience a stronger magnetic field, and rotate at a higher resonance frequency. 15 The characteristic resonance frequencies of fat and water and the detection of the signal of fat-specific frequency allows for quantitative measurement of hepatic steatosis.
Several techniques are available for MRI assessment of steatosis. In the 2-point Dixon (or dual-echo) method, signal intensities from tissues such as liver are compared in in-phase (IP) and out-of-phase (OP) images. This requires acquisition of 2 sets of gradient-echo images, and consideration of the echo-time-dependent signal interference between fat and water. In OP echo-time, water and fat signals cancel and therefore the total signal intensity is lower. In IP echo-time, water and fat signals augment and therefore the total signal intensity is higher. Normal liver has similar signal intensity between the OP and IP images because there is no fat-water interference. In steatosis, the liver signal intensity is lower and the liver appears darker on the OP images because of the fat-water signal interference. In addition to this qualitative measure, MRI also can estimate quantitative fat content. MRI fat and water signal intensities increase proportionately to the respective number of molecules. For quantitative assessment, an IP and OP signal intensity comparison can be used to calculate a signal fat fraction, [16] [17] [18] which is defined as the portion of the fat signal relative to the total (fat þ water) liver signal. The ability to decompose the overall hepatic signal to its water and fat components may give MRI an advantage over other approaches. 19 To achieve the necessary accuracy and to permit a standardized measure of liver fat content, MRI assessment must include the appropriate sequence, proper parameters, and complete correction for confounding factors such as T1 bias, T2* decay, multipeak spectral interference effects from protons in fat, noise bias, and eddy currents. 6, 7, 18, [20] [21] [22] [23] Magnetic Resonance Spectroscopy MRS is regarded as the most accurate method for quantification of hepatic fat content in user-specified locations in the liver and has been used in numerous studies as the reference comparator by which the accuracy of other methods, including MRI, is gauged. 2, [5] [6] [7] 15, 18, 24 A volume of at least 4 cm 3 is targeted within the liver, and a nuclear magnetic resonance spectrum is obtained. The spectral peaks represent chemical moieties of water and triglyceride molecules. Hydrogen protons in water have a dominant frequency in the MR spectrum at 4.7 ppm. Hydrogen protons in the dominant methylene (ÀCH2À) moiety of triglyceride molecules have a frequency peak at 1.2 ppm, 15 whereas hydrogen protons in other triglyceride moieties have additional peaks at other frequencies. Consequently, triglyceride produces a spectrum of multiple frequency peaks, vs the single large peak created by water. 25, 26 The MR signal of hydrogen protons in water and each triglyceride moiety can be identified by their unique frequencies, and their cumulative signal amplitude can be quantified. 25 From the cumulative signal amplitude of hydrogen in water vs those in fat, the fat fraction can be determined.
Results

Studies of Ultrasonography Assessment of Hepatic Steatosis
Ultrasound compared with liver histology. There were 2 studies identified that have compared the evaluation of hepatic steatosis by liver ultrasonography with liver histology in children. The first study evaluated 70 children from a pediatric obesity clinic in Cairo, Egypt. 27 Of these children, 34 were clinically believed to have fatty liver based on the findings of hepatomegaly, increased serum alanine aminotransferase activity, and/or an ultrasound that was considered positive for hepatic steatosis. These 34 children underwent a liver biopsy. The liver ultrasound images were graded using semiquantitative criteria for steatosis as follows: none (0), mild (1), moderate (2), or severe (3). Children were classified histologically as having normal liver or fatty liver; however, more specific grading of the degree of hepatic steatosis was not reported. Liver histology showed that 47% (15 of 32) of children with a positive liver ultrasound for steatosis had fatty liver. The number of children who had fatty liver but did not have a liver biopsy was unknown. Therefore, it was not possible to estimate the negative predictive value of a normal liver ultrasound. Because of the small numbers of children with fatty liver, the accuracy of ultrasound grading of steatosis could not be assessed accurately.
The second study included only children with biopsyproven NAFLD in Rome, Italy. 28 The study had a large sample size (n ¼ 208), but did support an assessment of the relationship between semiquantitative measurements of steatosis by liver ultrasound vs liver histology. Steatosis by liver ultrasound was graded as follows: none (0), mild (1), moderate (2), or severe (3). Steatosis by liver histology was graded as negative (<5% of hepatocytes containing fat vacuoles), mild (5%-33% of hepatocytes), moderate (>33% to 66% of hepatocytes), or severe (>66% of hepatocytes). The Spearman correlation between ultrasound steatosis score and liver histology was good (0.80). However, the individual ultrasound score category did not accurately predict the histologic category. There were 12 children who had a negative ultrasound; of these, 10 (83%) children had a liver biopsy showing steatosis. Nearly half (29 of 61) of the children with mild steatosis by ultrasound had moderate steatosis by liver histology. For children who had an ultrasound steatosis score of moderate, there was a wide distribution of histologic severity spanning mild, moderate, and severe steatosis. The investigators also combined the ultrasound grades of moderate and severe together for analyses. Of those children with severe steatosis by liver histology, all had an ultrasound steatosis score of moderate to severe steatosis.
Ultrasound compared with liver magnetic resonance imaging. Two studies in children used MRI-determined hepatic fat fraction as the quantitative comparator against which ultrasound findings were evaluated. In the first of these studies, Pacifico et al 29 evaluated 50 obese children in Rome, Italy, who were preselected for suspected fatty liver based on findings of hepatomegaly or liver chemistry values greater than 1.5 times the upper limit of normal for age. Steatosis by liver ultrasound was graded as follows: none (0), mild (1), moderate (2), or severe (3). MRI was performed using a modified Dixon method, and the hepatic signal fat fraction was calculated from the mean pixel signal intensities. For the purposes of this study, a child was considered to have fatty liver if the MRI hepatic signal fat fraction was 9% or higher. Of the children clinically suspected to have fatty liver, only 40% were determined to have fatty liver by MRI. Of those children with an ultrasound interpreted as positive for fatty liver, slightly more than half (56%) were determined to have fatty liver by MRI. The overall Pearson correlation between ultrasound steatosis score and liver MRI-determined hepatic fat fraction was moderate (r ¼ 0.68). There was a low rate of false-negative results (1 of 16). However, there was limited ability to accurately grade the severity of steatosis. The majority of children with mild steatosis by ultrasound (12 of 18) had a negative MRI for fatty liver. For children who had an ultrasound steatosis score of moderate, there was a wide range of MRI-determined hepatic signal fat fractions with values ranging from 1% to 39%.
In the second study, 60 children were referred to a tertiary care obesity clinic in Milan, Italy. 30 All children underwent liver ultrasound and MRI. Steatosis by liver ultrasound was graded as follows: none (0), mild (1), moderate (2), or severe (3). The MRI protocol, specifically the echo time and flip angle, used in this study differed from that in the Pacifico et al 29 study. Despite the differences in imaging parameters, the same threshold value (9%) was used to determine fatty liver. Applying the same MRI-based classification threshold may not be valid for techniques that differ in echo time and flip angle because changes in these parameters alter the MRI-estimated fat fraction. 20 Of those children with an ultrasound interpreted as positive for fatty liver, slightly less than half (48%) were determined to have fatty liver by MRI. The false-positive rate was highest among those with an ultrasound steatosis score of 1 (mild), with 72% (13 of 18 participants) having a negative MRI for fatty liver. If one chose to consider only a hepatic steatosis score of 2 or 3 as positive, the falsepositive rate would be diminished. However, the cost of doing so in this data set would have been missing 43% (6 of 14) of children with fatty liver.
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Ultrasound compared with liver magnetic resonance spectroscopy. One study compared liver ultrasonography with MR spectroscopy in 104 obese adolescents from an obesity treatment program in Amsterdam, The Netherlands. 31 Liver ultrasound was performed and steatosis was scored as follows: none (0), mild (1), moderate (2), or severe (3). MRS was performed using the point resolved spectroscopy technique with T2 correction. In this study, adolescents were classified as having fatty liver if liver fat fraction by spectroscopy was greater than 1.8%. Despite this low classification threshold value, there were a substantial number of false-positive ultrasound interpretations. Of those adolescents with an ultrasound interpreted as positive for fatty liver, 22 of 66 did not have fatty liver by MRS. The investigators also assessed the semiquantitative determination of steatosis by ultrasound. The false-positive rate was high; of those with no steatosis on MRS (n ¼ 56), 25 of 56 had ultrasound findings of mild or moderate steatosis. By comparison, the false-negative rate was low; of those with a normal ultrasound (n ¼ 38), only 7 of 38 had a positive MRS. However, depending on the definition used, liver ultrasound correctly identified the severity of steatosis in only 40% to 60% of cases. The investigators concluded that liver ultrasound could not be used to predict the presence or severity of hepatic steatosis.
Studies of Computed Tomography Assessment of Hepatic Steatosis
No studies in children compared CT assessment of hepatic steatosis with a quantitative measure. Because of the exposure to ionizing radiation and the existence of other imaging modalities free of ionizing radiation, CT should not be used for the primary purpose of assessing hepatic steatosis.
Studies of Liver Magnetic Resonance Imaging Assessment of Hepatic Steatosis
Magnetic resonance imaging compared with liver histology. One study evaluated 25 obese children in Rome, Italy, with biopsy-proven NAFLD who underwent MRI before liver biopsy to explore the accuracy of the MRIdetermined hepatic signal fat fraction. 32 The MRI method used in this study was a modification of the 2-point Dixon method. 33 Steatosis by liver histology was graded as follows: grade 0 (<5%), grade 1 (mild; 5%-33%), grade 2 (moderate; 34%-66%), and grade 3 (severe; !66%). MRIdetermined hepatic signal fat fraction was correlated strongly (r ¼ 0.88) with the histologic grade of steatosis among children with NAFLD. The small sample size precluded more specific determinations of accuracy.
Magnetic resonance imaging compared with liver magnetic resonance spectroscopy. One study compared MRI with MRS performed exclusively in pediatric participants. Springer et al 21 studied 29 obese adolescents in Tubingen, Germany. All examinations were performed at 1.5 T. Spectroscopy was performed using the stimulated echo acquisition mode technique without T2 correction. MRI was performed using fat-selective imaging. The investigators compared MRI with MRS for the ability to detect MRS-determined hepatic fat fraction of greater than 5%. They also evaluated the correlation of MRIdetermined hepatic signal fat fraction with MRSmeasured fat fraction. Depending on where the region of interest was selected for MRI, the Spearman correlation coefficient ranged from 0.78 to 0.86. Thus, the values derived were highly correlated but not equivalent. In this study sample, MRI had a sensitivity of 95% and a specificity of 92% for the detection of an MRS-measured hepatic fat fraction of greater than 5%. Two studies compared MRI with MRS and were noted to include some children. Yokoo et al 6 examined 110 participants in California, 30 of whom were children, with the goal of assessing the accuracy of 4 fat-quantification methods using low-flip-angle multi-echo gradientrecalled-echo MRI at 1.5 T. In this study, a diagnosis of fatty liver was based on a spectroscopic fat fraction threshold value of 6.25%. The MRI fat fraction was calculated using 4 analysis methods, as follows: (1) dualecho, (2) triple-echo, (3) multi-echo, and (4) multiinterference. The dual-echo analysis method did not correct for T2*, whereas all other methods corrected for T2*. The multi-interference method also corrected for multiple spectral interference effects of fat. Depending on the threshold set to define fatty liver and the MRI analytic method used, the diagnostic sensitivity of MRI ranged from 0.76 to 1.0, and the diagnostic specificity ranged from 0.85 to 1.0. Grading accuracy also was assessed. The dual-echo method had a systemic error resulting in underestimation of the fat fraction by 2.9%. The tripleecho method had a small but significant error in both correlation and estimation of fat fraction. The multi-echo method had an error in correlation, but not in estimated fat fraction. The multi-interference method with spectral modeling had the highest quantification accuracy.
In a second study by Yokoo et al, 7 a similar methodology was applied at a higher field strength of 3.0 T. The investigators evaluated MRI methods using 2, 3, or 6 echoes and each of these was assessed using either single-frequency or multifrequency fat signal modeling. There were 34 children of a total sample size of 163 participants from Southern California. In this study, the classification accuracy of the 6 imaging methods for fatty liver was assessed using a range of potential threshold spectroscopic fat fraction values from 4% to 10%. The classification accuracy of all imaging methods included in this study ranged from 83% to 96%.
Magnetic Resonance Spectroscopy
No studies compared hepatic steatosis measured by MRS with steatosis assessed by liver histology in children.
Discussion
We performed a systematic review of the published literature in children assessing hepatic steatosis measured by noninvasive imaging that made use of a quantitative comparator. Nine studies were identified that tested the validity of ultrasound or MRI assessment of liver fat. We analyzed studies for the ability to evaluate the presence or absence of fatty liver as a dichotomous trait as well as the ability to grade steatosis as an ordinal trait. This systematic review provides a framework from which to evaluate the evidence-based utility of these modalities for diagnosis and grading of hepatic steatosis in children.
Ultrasound: Evidence-Based Utility
In routine practice, ultrasound commonly is used to determine the presence of fatty liver. However, a systematic review showed a positive predictive value of liver ultrasound for fatty liver in children between 47% and 62%. Thus, the available evidence showed that ultrasound did not meet the standard clinical threshold required to be used as a diagnostic test. This limitation of ultrasound to accurately classify whether or not a child has fatty liver stems in part from an inherent property of ultrasound; it does not measure fat directly, instead, the relation between ultrasound-derived images and liver fat is intrinsically subjective and nonquantitative.
In addition to showing the presence of fatty liver, ultrasound currently is used by many physicians to exclude fatty liver. The design of the included studies limited the ability to evaluate this role for ultrasound. Only one study included children who had a negative ultrasound but still had a liver biopsy. 28 In that study, most of the negative ultrasounds turned out to be falsely negative. However, this was an artifact of the study design, which only included children with known NAFLD. Thus, the data are lacking regarding the ability of ultrasound to exclude fatty liver in children.
Liver ultrasonography has been used widely to grade the severity of steatosis, primarily in research studies; however, the evidence reviewed does not support ultrasound as a semiquantitative measure of hepatic steatosis. In the studies reviewed comparing ultrasound with histology, children with mild steatosis by ultrasound were found to have moderate steatosis by histology in approximately 50% of cases. Moreover, when ultrasound was compared with MRI, the majority of children with mild steatosis by ultrasound were determined not to have fatty liver by MRI. The grading category of moderate steatosis did not fare better. Children with an ultrasound steatosis grade of moderate had steatosis ranging from mild to severe on liver biopsy and a liver fat fraction on MRI that ranged from normal to near-maximal. Thus, current evidence indicates that liver ultrasound lacks the accuracy to grade steatosis.
Magnetic Resonance Imaging Evidence-Based Utility
In pediatric clinical research studies, MRI has overtaken ultrasound as the modality of choice for the noninvasive measurement of hepatic steatosis. In some institutions, MRI now is used in standard clinical practice to measure liver fat fraction. The increasing use of MRI is owing to its availability and promise as a quantitative measure of hepatic steatosis. However, the evidence base is extremely limited. Available data do highlight the importance of performing MRI correctly to compensate for confounders that introduce error into both the accuracy and precision of conventional MRI. [5] [6] [7] 20, 34, 35 A structured review showed that MRI has the potential for a diagnostic accuracy for steatosis that is on par with spectroscopy. [5] [6] [7] Moreover, initial pediatric data comparing MRI measured liver fat fraction with hepatic steatosis assessed by liver histology showed a good correlation between these measures. 32 However, the available evidence is too small to estimate diagnostic performance.
Both clinicians and radiologists need to be aware that, because of the presence of confounding factors such as T1 relaxation, T2(*) decay, multifrequency interference effects of protons in fat, 6, 7, 18, 20, 21 noise bias, 22 and eddy currents, 23 conventional MRS and MRI methods may be inaccurate, nonrobust, and nonreproducible. Advanced MRS and MRI methods address these confounders to estimate the proton density fat fraction, a standardized biomarker of liver fat content that is accurate, 5, 7, 36 reproducible across different scanners 37, 38 and field strengths, 37, 38 and robust to routine acquisition parameter changes that are common in clinical practice and may occur in clinical trials. Thus, future studies in children should focus on implementation and validation of these advanced MRI and MRS techniques.
Clinical and Research Recommendations
Recommendations for the use of ultrasound and MRI in clinical care are presented in Table 2 . The primary role of ultrasound is in the evaluation of structural problems within the liver or gallbladder. In addition, ultrasound is widely used for screening, diagnosis, and grading of hepatic steatosis. However, data do not support the use of ultrasound to make a diagnosis of fatty liver. To determine the ability of ultrasound to accurately exclude fatty liver, a study must include children who can be determined not to have NAFLD. It would not be feasible for a study to perform liver biopsies as a means to prove the absence of liver disease, studies of ultrasound to exclude fatty liver will require a noninvasive test to prove the absence of hepatic steatosis. The best choice would be MRI. However, such studies are limited by the lack of a uniform standard for the MRI liver fat fraction that accurately classifies children as having or not having fatty liver. Therefore, whether or not ultrasound can be used to exclude hepatic steatosis is an unanswered research question. The available data also do not support the use of ultrasound for grading hepatic steatosis in clinical care or research. The high misclassification rate for ultrasound grading precludes its use as a tool for disease monitoring in children at this time and would introduce substantial error into any studies in which it was used. In contrast, MRI showed promise as a means of assessing hepatic steatosis. Unfortunately, the evidencebased data are insufficient to make recommendations for the use of MRI to assess liver fat in a clinical context at this time. In addition, it will be important to consider and evaluate the relative cost of diagnostic imaging studies.
Research focused on imaging liver fat in children is limited. Additional research is needed urgently to assess ultrasound and MRI in large populations of children using appropriate normal controls. Future studies using ultrasound should consider the evaluation of emerging quantitative ultrasound techniques using liver biopsy as the reference standard for diagnosis and grading hepatic steatosis in children. There are also several important research areas to consider for MRI. First, a major priority for MRI research is to determine a uniform standard for MRI-determined liver fat fraction that accurately classifies children as having or not having fatty liver. A proposed value for a cut-off point ranges from 1.8% to 9%; however, determining whether such a cut-off point exists, and, if so, where it lies, is a crucial research question. Second, MRI is both spatial and quantitative and therefore has the potential to grade the severity of steatosis and assess steatosis across the entire liver; however, strategies on how to best analyze and use such data in a standardized and validated way have yet to be developed. Third, fatty liver monitoring may be the best use of MRI. After a liver biopsy is performed for purposes of diagnosis and staging, the MRI-determined liver fat fraction could be calibrated individually to the index biopsy. MRI thereafter could be used as a component of comprehensive disease monitoring over time. This strategy has not yet been evaluated in children, and thus provides an area for further research.
Conclusions
Fatty liver is a common clinical problem for children and adolescents. Liver biopsy remains the clinical standard for diagnosing and grading fatty liver disease in children. Noninvasive imaging modalities to assess liver fat in children are needed. The available evidence does not support the use of ultrasound for diagnosis or grading of fatty liver in children. Data suggest that MRI may have better utility but sufficient supportive data are lacking. Improvement in the imaging technology for the assessment of liver fat in children and the validation of such technology should be considered an urgent need for patient care and research. 
